The fruit shape of both species was similar and the length/width ratio was 1.91-2.04 in B. croatica and 1.77-2.07 in B. vulgaris. The number of seeds per fruit was 1.23-1.58 in B. croatica and 1.36-1.54 in B. vulgaris. Generally, fruits and seeds of B. vulgaris were significantly longer, wider and heavier than fruits and seeds of B. croatica. ANOVA showed significant statistical differences between populations for all analyzed fruit and seed traits while the species significantly differed in all traits, except in the fruit shape and number of seeds in fruit.
Introduction
Inter-and intraspecific variability in fruit and/or seed traits has been in the focus of interest of many authors (JORDANO 1984 , HENDRIX and SUN 1989 , WILLSON et al. 1990 , HERRERA 1992 , OBESO and HERRERA 1994 , ERIKSSON 1999 ) but only few of them address the genus Berberis. At the same time, when dealing with the fruit and seed properties of barberry species in relation with interannual variation (HERRERA 1998, ALLEN and WILSON 1992) , papers are mainly concentrated on the seed and/or fruit production. Even though data regarding basic fruit and seed related traits for some of the European species of the genus Berberis, namely B. vulgaris (RUDOLF 1974 , AKBULUT et al. 2009 ) and B. hispanica (OBESO and HERRERA 1994) could be found, those concerning B. croatica are lacking. B. croatica is a species with a still unresolved taxonomic status and is still not recognized as a distinctive species by the leading authorities on European flora. Several attempts have been made to crystallize the morphological (KARLOVI] et al. 2009 ) and chemical difference (ZOVKO KON^I] et al. 2010) between B. croatica and B. vulgaris. However, fruit and seed characters have not been included in the analysis to date yet they could help in the characterization of the distinctive morphological traits of these species.
Material and methods
Fruits of Berberis croatica Horvat and B. vulgaris L. were randomly collected during three years (from 2008 to 2010) . B. croatica fruits were collected in one natural habitat (Vo{ac, Mt Biokovo, in text as abbreviation Vo; 43°18' N; 17°02' E; 1422 m a.s.l.), while B. vulgaris fruits were collected in one natural (Rakov Potok near Zagreb, in text as abbreviation RP; 45°47' N; 15°42' E; 160 m a.s.l.) and one cultivated habitat (Fran Ku{an Pharmaceutical Botanical Garden, Zagreb, in text as abbreviation PBG; 45°50' N; 15°59' E; 195 m a.s.l.). Twenty plants were harvested in the locality Vo{ac, ten in the locality Rakov Potok and six in the cultivated habitat. According to our permit from the Ministry of Culture of the Republic of Croatia, we were able to analyse 100 fruits for the locality Vo{ac and so the same number of B. vulgaris fruits (100) was collected for each population. Length, width and weight of fruits, as well as seeds, were measured. Since the seeds of the researched Berberis species have irregular shapes, the width of the seed was measured on two axes (width 1 and width 2). The ratio between length and width of fruits and length and width (width 1, width 2) of seeds was obtained through mathematical calculation, as well as their mutual (fruit-seed) ratio, which included length, width and weight. A greater ratio indicates narrower fruits (or seeds), while a smaller ratio indicates more orbicular fruits (or seeds).
The differences in fruit and seed traits between species and populations were analyzed by the General Linear Models (GLM) procedure using repeated measures ANOVA and Tuckey's post-hoc test at the p £0.05 level. The statistical analysis was performed using Statistica 7 software (StatSoft Inc., Tulsa, OK, USA). Table 1 ANOVA showed significant statistical differences between species for most analyzed fruit and seed traits (Tab. 2). The only exception was the ratio between fruit length and width as well as the number of seeds in the fruit. The analysis of fruit traits between species showed that fruits of B. vulgaris were significantly longer, wider and heavier than fruits of B. croatica (Tab. 3). Nevertheless, fruit shape (based on ratio between length and wide) was similar in the two species.
Results
ACTA BOT. CROAT. 71 (1) intraspecies variability for seed traits was something higher than for fruit traits. The least inter-and intraspecies variability was recorded for the number of seeds in fruit.
Discussion
The least variable traits in this analysis were fruit and seed length while the most variable traits were fruit and seed weight. That was expected since dimensionality considerations predict that, all else being equal, the coefficients of variability (CVs) of mass-related traits will be larger than those of linear or surface measurements (LANDE 1977) , such as length and width of fruits and seeds. The largest variability for fruit and seed weight was also reported by OBESO and HERRERA(1994) which state CVs for these traits ranging generally from 20-30 % for eight investigated species, including Berberis hispanica. The same authors also reported fruit length and width variability ranging generally between 5 and 12 % (7.6 % and 7.4 % in B. hispanica for fruit length and fruit width, respectively). These results are in keeping with the results reported in this paper.
Regarding fruit traits of B. vulgaris, AKBULUT et al. (2009) reported much lower values for the wild population of B. vulgaris growing in Turkey. For example, average fruit length, width and mass are reported to be 7.69 mm, 3.32 mm, and 0.07 g, (compared with the average value range for the same traits in this investigation, that is, 10.20-11.29 mm, 5.29-5.83 mm and 0.1602-0.2199 g). This could be explained by environmental factors but also by great intraspecific variation in Berberis already reported by LANDRUM (1999) .
Generally, fruits and seeds of B. vulgaris were significantly longer, wider and heavier than fruits and seeds of B. croatica. This is in congruence with the results of KARLOVI] et al. (2009) who, when analyzing distinguishing morphological traits between these two species, stated that B. croatica is characterized by reduced growth/size traits compared with B. vulgaris. Our results support this thesis. Results regarding fruit and seed traits show significant differences between species for most analyzed traits (10 out of 12). Nevertheless, whether the observed differences between B. croatica and B. vulgaris are merely non-hereditary modifications caused by environmental factors or species-related differences, should be further tested by means of genetic analysis.
